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I. SUMMARY 



This thesis was undertaken in order to Investigate 
the effect on rudder force characteristics of variation of 
rudder position in a propeller race. It was thought that the 
results would contribute to the general fund of information 
about rudders since, to the knowledge of the authors, such 
an investigation had never before been carried out. 

Utilizing the Massachusetts Institute of Technology- 
propeller tunnel, the experimental data Tr as obtained with a 
strain gauge type dynamometer which measured forces on a rudder 
in a propeller race. The rudder was mounted in the dynamometer 
which in turn was mounted in the tunnel In such a manner that 
the rodder oould be moved transversely In small Increments 
across the race of a right-hand propeller. At each such posi- 
tion, lift and drag readings were taken for rudder angles 
varying from 30 ° left to 30 ° right rudder in 5° increments. 

The speeds of both tunnel and propeller were maintained con- 
stant throughout all runs. In order to establish the average 
velocity of the race, a traverse was made using a pitot tube 
which gave only the component of velocity parallel to the tun- 
nel axis. This necessitated the assumption that angle of at- 
tack was the same as rudder angle. 

The results indicate that lift and drag vary widely 
depending upon the position of the rudder in the propeller race. 
A glance at Figures 18 and 19, which best summarize the results, 
indicates that the location of the rudder at either extreme of 
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the race appears to result In an appreciable lost of lift 
although this la accompanied by a reduced arag. The loss 
of lift would appear to make such a location undesirable ter 
a warship. 

With the rudder located between one sixth and one 
third of the propeller radius to the port side of the propeller 
centerline, very good lift characteristics vrere found, but 
again this was a region of high drag. On the basis of this 
experiment alone, using a single right-hand propeller, a 
single rudder, and constant speed, it appears that a narrow 
range may exist at about one sixth of the propeller radius 
to the starboard side of the propeller centerline where a high 
lift-drag ratio together with high lift occurs. It is be- 
lieved that this cannot be stated conclusively until further 
intensive Investigations are made, but the authors recommend 
that the region between one third of the radius to port and 
one third of the radius to starboard be thoroughly searched 
in small increments of transverse position using various com- 
binations of rudders and propellers, and further that the 
tunnel and propeller be operated at various speeds. The use 
of a spherical or universal pitot tube would obviate the 
necessity for the assumption that angle of attack equals rudder 
angle. 

The variations found in lift and drag with transverse 
rudder pos itlon, amounting to as much as 22m,polnt to an optimum 
rudder position, not necessarily on the propeller centerline, 
and it is strongly recommended that further investigations be 
made to determine and define such a location. 



II. INTRODUCTION 



The problems of turning and steering ships are as 
old as marine transportation Itself, and in the present day 
of high speed surface and undersea warships are hot} vital 
and acute. From the time of the earliest truly scientific 
investigations to the present, extensive research and energy 
have been directed towards the development of the most effective 
and efficient means of maneuvering ships and towards methods of 
predicting reliably the performance of a particular design. 

Beyond this, effort has been expended in all maritime nations, 
towards isolating the effects of ship form, rudder shape, size, 
balance, and location on maneuverability and. turning character- 
istics^ 1 ^. 

Essentially all investigations of rudders are con- 
cerned with lift, drag, normal force, tangential force, and 
torque on the rudder, and the reduction of these forces, v/here 
possible, to dimensionless coefficients of maximum utility. 

The investigation of the effect on rudder force oharaoteris tics , 
as measured by these coefficients, of varying the transverse 
position of a rudder in a propeller race was suggested by Mr. 

S. C. Gover of the David w. Taylor Model Basin. To the knowl- 
edge of the authors and after a survey of the literature, such 
an investigation has n^ver been conducted. On the other hand, 
investigations of the optimum rudder location on a self-propelled 
model have been conducted. These oonoerned themselves primarily 
with optimum manexxverabillty of a particular hull form consider- 
ing all elements, form, propeller location, and rudder location 
acting topether^^. 
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It Is therefore the Intention of thin th*n is to 



Invert! .ate the effect on rurider force characteristics of 
vary In?, the ; ranev*»ree position of a rud.er in a propeller 
r~.ee, anc thus to attenot to isolate one of the many variable 
affecting turnin' and steering characteristics of ships. 
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III. PhOC ! I AIRE 



Initially it was apparent that in order to obtain 
the necessary data for this thesis, means must be found to 
meeioui e flow velocities and propeller revolutions. These 
were required to define the oharucterls tios of flow past the 
rudder with sufficient aocuracy to evaluate the coefficients 
by which the performance of the rudder could be measured. 

Further it was necessary to develop a .method of mounting a 
rudder in & propeller race in such a way that transverse posi- 
tion and rudder angle could be varied at will, and that at 
least two components of the force acting on the rudder could 
be determined. 

The K. I. T. propeller tunnel, designed by Professor 
F. V. Lewi s , appeared to be suited ideally to the measurement 
of flow and propeller revolutions with accurate control of 
ecvC'n, and further afforded an excellent means of mounting the 

(i) 

rudder and making observations''''. The rudder dynamometer 

developed, by Tupp and Kiss ins er proved to b° well adapted to 

transverse position variations as well as to the measurement 

(U ) 

of forces acting on the rudder for various rudder angles'" . 

The normal direction of flow in the propeller tunnel 
Is one In which the water flows In such a direction that the 
shafting and supporting struts are on the downstream side of the 
propeller. For the purpose of this investi ation it was neces- 
sary to operate the tunnel with reverse flow in order that the 
shaft int and s bruts would be on the upstream side of the pro- 
peller with the rudder In the propeller race. Since the notzle, 
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diffuser, and straightening vanes of the turn el were not de- 
signed for this direction of flow, the possibility existed that 
the flow night be unsatisfactory. K'hile it le highly probable 
that flow conditions in this reverse direction v r ere not as uni- 
form as those of the designed flow direction it was believed 
that they would be sufficiently uniform to provide, at the least, 
good comparative data among the various transverse ruddex* posi- 
tions. All phases of the Investigation therefore were based upon 
this assumption. In operating the tunnel in reveres, however, 
the venturi meter by which water velocity le measured with the 
tunnel operating in the designed direction, was found to be lo- 
cated in a region of unstable flow. It became necessary, there- 
fore, to Install a pitot tube vrhloh could measure the average 
velocity of flow to the propeller. This pitot tube was placed 
about six Inches forward and five Inches outboard of the pro- 
peller tip and. was left In place throughout all runs. 

The rudder dynamometer employs SR-/}- strain gauges to 
give a measure of lift, drag and torque on th<° rudder ^ ^ ^ . The 
dynamometer was regauged Immediately prior to its use and all 
strain gauges wex*e tested prior to assembly of the dynamometer 
components. Certain minor modifications were made to Improve 
its characteristics and to alleviate difficulties experienced 
in calibration. The dynamometer was bolted to 2-bars fitted at 
the top of the tunnel t^et section ar. shown in Plate I. The 
upper flange of these Z-bars had holes drilled on one-inch centers 
so that a complete traverse of the propeller race could be made in 
one- inch increments. 
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>fore and ai'ter tests, the dynamometer was cali- 



brated by counting it iri a voouen t^s t stand and applying 
known horizontal loads in the trona verse and longitudinal 
direction? to test stock inserted in the dynamometer. This 
vaa ace viol i shew by re-’Vi.ig c. vir*' from the test sccch. over a 
pulley to a v eight ( >an and placing known freights on the pan. 



Strain readings for each longitudinal and transverse load thus 
applied were read on a Balcwirv-Southvark strain indicator which 
was conneoted through a switching box to the strain gauges on 



the dynamometer. The calibration curves obtained from there 
readings showing strain readings versus applies force are shown 
in Figures 1, 2 ~n< Z'}. ’Bien taking data during tents the re- 
verse procedure ‘tn ueed; that is strain readings ^ r ere taken for 
longitudinal and transverse force and these were converted 
through the use of the calibration curves into lift an drag. 

In arriving at the fio” velocity to be u«e& during 
the tests the force acting, upon the rudder was taken to be a 
funo.lon of several variables: 



where 



F - f(^, » L » c * €• «> r i > r £ » —) 

P = mass density of water 

V = Average axial velocity of the propeller 
raoe in way of the rudder In ft. /sec. 

>U = vieoosity of the fluid 
L = a characteristic length of the body 
c - speed of sound in *ater 
g - acceleration of gravity 
<x s angle of attack 
r^ — - form factors 
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Since the rudder can be assumed to be expanded geometrically 

to full else for ship use, the form factors r^ , r^, are 

taken as constant. Hence, by dimensional analysis it can be 
shown that: 



where 




V 2 L 2 f ( « , 



V 

c ‘ 



gL VL v 

“ 5 * y ] 



V - 



J± 

P 



The term - , commonly known as the Mach Numoer, can 
c 

be considered to have negligible effect since it is of import- 
a.nce only where it approaches or exceeds one, in which case 
shock effects may be of conseauence. Since V is very small in 

comparison with c, no shock, effects are to be expected. 

VL 

The ouantity -y , known as the Reynolds Number, should 
be kept constant in predicting full-scale performance from model 
tests, vt was not possible to operate at the same Reynolds Num- 
ber in the tunnel as would be encountered in full-scale opera- 
tion, but this was not considered serious since flow in the 
tunnel is turbulent at low water velocities. In the turbulent 
range of flow the effect of the Reynolds Humber decreases as 
the Reynolds Number increases, approaching zero asymptotically. 
It has been shown in previous model tests in the M. I. T. Pro- 
oell°r Tunnel that the effective Reynolds ?Sumber is in that por- 
tion of the turbulent range where its influence may be disre- 
garded 
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Th>' Froude Number ^ l fl of Importance only where 
surface effects are encountered, and It has been shown In the 
past that geometrically similar ships operating at the same 
i roude Humber will generate geometrically similar surface 
waves . The deep submergence of the rudder during there tests 
was thought to be sufficient to eliminate aurfaoe effects 
entirely. Nevertheless the ship on which such a full-scale 
rudder would normally be mounted would be subject to this 
limitation and for this reason it was considered appropriate 
to operate the tests at such a velocity that the Froude Number 
would be that of a typloal destroyer rudder with the ship oper- 
ating at maximum speed. The speed thus selected resulted in a 
flow velocity which fell within the favorable operating, range 
of the tunnel and dynamometer. 

'■hen the foregoing analysis is employed for the co.se 
of a rudder in a free stream, 04 is usually taken as the rudder 
angle, While it was recognized that thin use of <* might not 
be rigorously correct for a rudder behind a propeller with the 
flow unevenly distributed by the propeller, an exact determina- 
tion of angle of attack was beyond the limits o.f the equipment 
available. For this reason ** , the angle of attaok, vus 
assumed to be identical with rudder angle. 

The rudder fox*ce can be expressed then as 



F * ipV‘ i Af(o< ) 

2 

and if by definition 
C v = f(<* ) 
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then 



F = CwJpV^A 

This force can be resolved into lift and drag components 

T O 

•whence L = Cj j »=PV“A 

D = C-,*ipV 2 A 
2 

and transforming 

^ pfe 

C . 

D IPAV 2 

Tnie is the form in which the results are presented. A sample 
calculation is shown in the Appendix. 

The rudder used had an aspect ratio of one with an 
area of 12.03 square inches, a thickness ratio of 0.187 and 
30 ;< balance. 

A conventional four- blade right-hand propeller with 
a six-inch diameter and a constant pitch ratio of one was used. 
It was operated at such a speed as to give a slip representative 
of that for full-scale operation under the stated assumption 
that reasonable flow characteristics at the propeller would be 
realized. In order to ascertain this flow and to get an average 
flow velocity at the rudder, a complete pitot traverse was made 
across the propeller raoe. The reeults of this traverse are 
shown in Figure 3* 

In taking experimental data, the dynamometer was lo- 
cated at a specific transverse position and readings were taken 
for rudder angles varying from 30° left to 30 ° right rudder in 
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FLC* OF VXLOCITIM ( ) ACROSS PROFIU1R SACS 

Tnnn«l ▼•locity - 11.22 
Prop«ll«T Sp««d ■ 1500 RM 







5° increments. This procedure was repeated for each of the 
transverse rudder positions. Propeller and tunnel speeds 
’'ere maintained constant throughout the procedure. 

Plates II through V show the rudder located at two 
different transverse positions for each of which two rudder 
angles are shown, 'funnel speed at the time of the photographs 
was 11.22 feet per second and propeller speed was 1500 R.P.K. 
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I/. RESULTS 

Results are shown entirely In graphical form 
In Figures 4 to 22. 
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V. DISCUSSION OF RESULTS 



From the individual curves of Cl, and Cq versus 
angle of attack, Figures 4 to 17, It appears that the values 
of the coefficients at the various angles of attack are in 
the right order of magnitude ae compared with values ob- 
tained from previous Investigations for a similar rudder 

(h ) 

in a free stream' '. Further the general characteristics 

of the curves appear to be reasonable by the sane standard. 

There is apparently some tendency towards higher coefficients 

when the rudder is in certain positions over corresponding 

free stream values. A direct comparison may be obtained by 

( c) 

comparing these curves with those of Uogen and Tara J . It 
should be noted, however, that the investigation of the latter 
thesis was conducted with the tunnel operating in its designed 
direction. For this reason it is probable that flow conditions 
varied between the two theses, and direct comparisons might be 
misleading. The intent of the present investigation, ae stated 
previously, has been limited deliberately to comparisons of 
relative characteristics among the various transverse positions, 
and. assuming that angle of attack and rudder angle are the same. 
It is recommended that a spherical or universal pitot tube be 
used in future investigations in order to obtain three compon- 
ents of velocity. This would eliminate the necessity for the 

r* 

assumption concerning angle of attack. 

In evaluating the results of this thesis, all informa- 
tion must be examined in the light of the fact that a right-hand 
propeller was used, and that the same information for a left-hand 
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propeller must be worked to the opposite hand. A right-hand 
propeller is defined as one turning clockwise when viewed 
from astern. 

Prom the plot of lift coefficient versus transverse 
rudder position as a fraction of the propeller radius. Figure 18 , 
it is Immediately apparent that the lift coefficient falls off 
sharply for both left and right rudder for all rudder positions 
on the starboard side of the propeller axle. Similarly it is 
apparent that for rudder positions further outboard than two 
thirds of the propeller radius on the port side of the axis 
the lift coefficient decreased rapidly. The optimum position 
for maximum C^, therefore, narrows to the range between the 
propeller axis and two thirds of the radius to port. Further 
it is apparent as the rudder position is varied from one third 
to two thirds of the radius to port, that while for left 
rudder is higher than that for the centerline position, Cj^ for 
right rudder is dropping sharply. Since it is patent that a 
ship vhioh will turn well in one direction only is undesirable, 
the optimum range is further narrowed to the range between the 
propeller axle and one third of the radius to port. Within this 
range therefore a close eorutlny of results is required. 

For left rudder within this range the rudder position 
at one third of the radius to port is quite obviously the posi- 
tion of maximum for all rudder angles. For right rudder, 
maximum values of occur progressively closer to the propeller 
axis as the angle of attack decreases, with the best value ap- 
pearing at about one fourth of the radius to port for an angle 
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of attack of 25°. Taking right and left rudder together to 
obtain an optimum value of C L for the combination, It vould 
appear that so far as alone ie concerned the beet rudder 
position vould be between one sixth to one third, of the radius 
to port depending upon the particular rudder angle for which 
optimum turning characteristics are desired. It will be noted 
that the points for an angle of attack for 30° are plotted but 
are not orose faired. These curves were omitted deliberately 
sinoe it was found that rudder breakdown was beginning at or 
near the 30° positions and any curves plotted through these 
points could only be misleading. This applies to all of the 
cross curves of coefficient versus transverse position. 

From the plot of drag coefficient versus transverse 
rudder position, Figure 19» a clearly defined minimum value of 
C D is seen for all left rudder angles at about one sixth of 
the propeller radius to starboard. Further, the value of C D 
for all left rudder angles ie seen to have two maximum values, 
the greater of which oocurs at a rudder position of approxi- 
mately one half the propeller radius on the port side, and the 
lesser at a rudder position of approximately one half the radius 
on the starboard side. As the rudder moves outboard of either of 
these two positions of maximum value, the coefficient decreases 
with increasing distance from the centerline. 

For right rudder values of Cj>, a minimum value is ap- 
parent for all rudder angles at about five sixths of the pro- 
peller radius on the port side, and a maximum value Is noted at 
rudder positions varying from about one sixth of the radius on 
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the port side to about one half the radius on the port side. 

Considering right and left rudoer to' ether to ob- 
tain an optimum value of Cp for the combination, there Is a 
minimum value at approximately one-Blxth radius on the star- 
board side and low values at both extremes of the propeller 
race. In view of the preoedlng analysis of C^. it would ap- 
pear that the position for minimum Cp nearest the centerline 
is of the most interest. 

The curves of C^, and C^,, Figures 20, 21, and 22, show 
the same trends ae those of and as would be expeoted. 

They inducted since these coefficients are not infrequently 

us ec . 

The results would appear to indicate that the optimum 
location for a rudder behind a right-hand propeller may not be 
on the conventional centerline position but possibly at a loca- 
tion near one sixth of the propeller radius to starboard. 
Further intensive investigation would, of course, be required 
to confirm this observation. It is recommended that future in- 
vestigations be along the lines indicated below: 

1. A further investigation of lift and drag, employ- 
ing smaller increments of transverse position, in 
the range from one-third radius port to one-third 
radluo starboard. 

2. A further investigation employing various combinations 
of tunnel and propeller speeds. 

3. A further investigation employing various combinations 
of rudders and propellers. 
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A complete investigation of flo*' conditions 
the orooeller race using a sT.v-'rieu or univ 
pitot tub®. This r iuld eliminate the nece- s 
for aseuninr that an.'.le of attr.c' eoualc r*'' 



u 



anc:l e . 



cross 
i -sal 
ty 
er 



VI. CONCLUSIONS 



For a rudder of the type used In these experiments, 
operating behind a right-hand propeller the following conclu- 
sions may be stated: 

A. Lift Coefficient 

1. For right rudder, rudder position for 
maximum C L varies from one third of the propeller 
radius to the port side of the propeller center- 
line at an angle of attach of 25° to one third of 
the radius on the starboard side for an angle of 
0°. A reasonable mean position for optimum C^ at 
all angles of attack could be taken at the center- 
line. 

2. For left rudder, .maximum for all angles 
of attack occurs at a rudder position approximately 
one third of the propeller radius to the port side 
of the propeller centerline. 

3. An average of right and left rudder values 
for optimum indicates that this will oocur at a 
rudder position between one sixth and one third of 
the propeller radius to the port side of the pro- 
peller centerline. 

B. Brag Coefficient 

1. For right rudder, the rudder position for 
minimum Cj) occurs at about five sixths of the pro- 
peller radius to the port side of the propeller 
centerline. A position of high Cp occurs between 
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one sixth and one half of the propeller radius 
on the port side. 

2. For left rudder, a rudder poGltion of 
approximately one sixth of the propeller radius 
on the starboard elcle of the propeller centerline 
gives minimum Cp. Maximum values of Cp occur at 
about one half of the propeller radius, on both 
sides of the centerline and deorease with further 
movement towards both extremes of the race. 

C. Optimum Rudder Location 

On the basis of this investigation alone, using 
a single right-hand turning propeller, a single 
rudder and constant speed, there la evidence to 
indicate that an optimum rudder location, not 
necessarily on the centerline, does exist where 
high lift-drag ratio and high occur simultane- 
ously. 
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vii. :rxoKK r i r .AT-. 

It in recoojnend ed that future Investigations be 
alon the lines indicated below: 

1. A further Investigation of lift and drag, employing 
smaller increments of transverse position, in the range from 
one- third port to one- third starboard. 

2. A further investigation employing various combinations 
of tunnel and propdler speeds. 

3* A further investigation employing various combinations 
of rudders and propellers. 

4. A complete investigation of flow conditions across the 
propeller race using a spherical or universal pitot tube. This 
would eliminate the necessity for assuming that angle of attack 
equals rudder angle. 
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\II". AP ~FDIX 



A . Supplementary Introduction 

Certain phases of the investigation not Included in 
the main body of the report are presented here for the benefit 
of those Interested in the technical aspects of the problem eo 
that the methods used and results obtained may be Independently 
evaluated. 

B. Details of Procedure 

1. Propeller speed - The propeller revolutions were deter- 
mined by an electric clock counter mechanism which au- 
tomatically counts the revolutions over Intervals of 
one tenth of a minute . 

2. Tunnel speed - For the purpose of setting tunnel speed, 
a magneto was attached to the tunnel Impeller shaft and 
tjhe voltage generated was read on a copper oxide recti- 
fier type voltmeter. This arrangement was used for the 
coarse adjustment; the fine velocity reading being given 
by the fixed pitot tube described in the body of this 
report. 

i 

3. Modification to propeller tunnel - Reversing the flow 
in the tunnel was accomplished by a switching arrange- 
ment which reversed the polarity of the impeller motor. 
It was necessary, however, to provide an additional 
thrust bearing on the lmpe3.1er shaft, since the exist- 
ing bearing was capable of resisting thrust in the 
ahead direction only. 
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c. 



U. Dynamometer ca.libral Ion ourves - It should be noted 
th.it the calll ration curves shown in Figure 23 are 
not considered reliable for the apper transv~me, 
upper longitudinal, and toraue gauges. During the 
calibrations it wuo found that the curves for the 
lover transverse and lover longitudinal gauges 
could be repeated at will, but that the curves for 
the upper gauges v;ere somewhat erratic, while those 
for the torque gauges seemed to depend solely upon 
the tension in the machine sc revs which secured the 
linkages to the strain gauge itself. Since the 
tension in these screws varied widely from one cali- 
bration run t ) another (although it could be held 
constant during any single run) and further since 
during the test runs the tension in these screws 
changed due to the vibration in the dynamometer, 
the use of the torque gauge van abandoned. On the 
other hand, both calibration and test readings could 
be repeated easily for the two lover gauges and this 
thesis relies upon the readings of these two gauges. 

Tables of data and calculated coefficients - TABLE'. I 



through XIV. 

Original data is shown in the tables included in the 
following pa' ee under the columns narked LO”ER LONGITU- 
DINAL GAUGE BEADING and LO"ER TRAUN VERSE GAUGE READING. 
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TABLE I 



TABLE OF RATA AND CALCULATED COEFFICIENTS 
EIGHT BUDDEB 

EUDDEE POSITION: 3 N TO POET OF CENTERLINE 

ZERO GAUGE READINGS: 

LOVER LONGITUDINAL 5835 

LOWER TRANSVERSE 6005 



ANGLE OF 
ATTACK 


LOVER 

LONG'L 

GAUGE 

READING 


LOVER 

TRANSVERSE 

GAUGE 

READING 


LIFT 

COET. 


DRAG 

COST. 


NORMAL 

FORCE 

COEF. 


TANGENT. 

-FORCE 

COIF. 


0 


5730 


6876 


- .0662 


.0604 


-.0661 


.0604 


5 


5740 


6130 


.0644 


.0546 


.0698 


.0487 


10 


5705 


6400 


.2060 


.0761 


.2155 


.0390 


16 


5625 


6710 


.3676 


.1231 


.387 


.0239 


20 


5530 


7000 


.619 


.1786 


.549 


-.0096 


26 


6400 


7320 


.686 


.2550 


.731 


-.0590 


30 


5230 


7660 


.864 


.3540 


.926 


-.1239 


35 


6050 


7890 


.984 


.4600 


1.070 


-.1880 






TEMPERATURE J 48 
% AV 0 2 s 11.565 




TABLE II 



TABLE OF DATA AND CALCULATED COEFFICIENTS 
LEFT RUDDER 

RUDDER POSITION: 3" TO PORT OF PROPELLER SHAFT 



ZERO GAUGE READINGS: 

LOVER LONGITUDINAL 5810 

LOVER TRANSVERSE 5970 



ANGLE OF 
ATTACK 


LOVER 

LONG'L 

GAUGE 

READING 


LOVER 

TRANSVERSE 

GAUGE 

READING 


LIFT 

COEF. 


DRAG 

COEF. 


NORMAL 

FORCE 

COEF. 


TANGENT. 

FORCE 

COEF. 


0 


— 




— 








5 


6750 


5680 


.1472 


.0344 


.1499 


.0214 


10 


5690 


5420 


.2793 


.0690 


.2864 


.0193 


15 


5630 


6110 


.4365 


.1032 


.4489 


-.0133 


20 


5545 


4825 


.5910 


.1521 


.5985 


-.0557 


25 


5400 


4510 


.7435 


.2355 


.7745 


-.1008 


30 


5245 


4240 


.8580 


.3242 


.9050 


-.1481 



TEMPERATURE oF 61 
r /l <AV 0 2 = 11.544 




TABLE III 



TABLE OF DATA AND CALCULATED COEFFICIENTS 
RIGHT RUDDER 

RUDDER POSITION* 2" TO PORT OF PROPELLER SHAFT 

ZERO GAUGE READINGS* 

LOWER LONGITUDINAL 5835 

LOWER TRANSVERSE 6005 



ANGLE OF 
ATTACK 


LOWER 

LONG'L 

GAUGE 

READING 


LOWER 

TRANSVERSE 

GAUGE 

READING 


LIFT 

COEF 


DRAG 

COEF. 


NORMAL 

FORCE 

COEF. 


TANGENT. 

FORCE 

COEF. 


0 


5730 


5880 


-.0636 


.0604 


-.0636 


.0604 


5 


5720 


6155 


.0781 


.0662 


.0836 


.0591 


10 


5695 


6470 


.2425 


.6806 


.252 


.0415 


15 


5620 


6790 


.409 


.1240 


.427 


.0028 


20 


5520 


7120 


.582 


.1815 


.609 


-.0286 


25 


5410 


7450 


.755 


.2445 


.786 


-.0920 


30 


5190 


7780 


.928 


.3720 


.991 


-.1411 


35 


5010 


8100 


1.093 


.4750 


1.066 


-.2370 



TEMPERATURE °? 47 

%AV 0 2 r 11.655 



i 




TABLE IV 



TABLE 0? DATA ADD CALCULATED COEFFICIENTS 
LEFT RUDDER 

RUDDER POSITION: 2" TO PORT OF PROPELLJE SHAFT 

ZERO GAUGE READINGS: 

LOWER LONGITUDINAL 5810 

LOWER TRANSVERSE 5970 



ANGLE OF 
ATTACK 


LOVER 

LONG'L 

GAUGE 

READING 


LOVER 

TRANSVERSE 

GAUGE 

READING 


LIFT 

COEF, 


DRAG 

COEF. 


NORMAL 

FORCE 

COEF. 


TANGENT. 

FORCE 

COEF. 


0 


— 


— 


— 


— 


— 


— 


6 


5725 


5570 


.2038 


.0489 


.2065 


.0266 


10 


5655 


5205 


.3890 


.0890 


.3980 


.0199 


15 


5595 


4930 


.5295 


.1233 


.5430 


-.0175 


20 


5470 


4565 


.7150 


.1954 


.7375 


-.0609 


25 


5310 


4220 


.8905 


.2869 


.9300 


-.1168 


30 


5080 


3850 


.9346 


.4195 


1.1420 


-.1769 



TEMPERATURE °F 



60 




TABLE V 



TABLE OF DATA AND CALCULATED COEFFICIENTS 
RIGHT RUDDER 

RUDDER POSITION* 1" TO PORT OF PROPELLER SHAFT 



ZERO GAUGE READINGS* 

LOWER LONGITUDINAL 5835 

LOWER TRANSVERSE 6005 



ANGLE OF 
ATTACK 


LOWER 

LONG«L 

GAUGE 

READING 


LOWER 

TRANSVERSE 

GAUGE 

READING 


LIFT 

COEF. 


DRAG 

COEF. 


NORMAL 

FORCE 

COEF. 


TANGENT. 

FORCE 

COEF. 


0 


5720 


5950 


-.0281 


.0660 


-.0281 


.0661 


5 


5710 


6240 


.12*26 


.0719 


.1286 


.0609 


10 


5670 


6570 


.295 


.0950 


.3065 


.0422 


15 


5590 


6915 


.475 


.1410 


.495 


.0135 


20 


5460 


7250 


.649 


.216 


.685 


-.0193 


25 


5320 


7620 


.843 


.296 


.764 


-.0876 


30 


5100 


8000 


1.041 


.423 


.889 


-.1548 


35 


4910 


8300 


1.199 


.532 


.985 


-.2555 



TEMPEBATUHE 0 7 46 



= 11.556 



TABLE VI 



TABU OF DATA AND CALCULATED COEFFICIENTS 
LEFT RUDDER 

RUDDER POSITION: 1" TO POET OF PROPELLER SHAFT 

ZERO GAUGE READINGS: 

LOWER LONGITUDINAL 5810 

LOWER TRANSVERSE 5970 



ANGLE OF 
ATTACK 


LOWER 

LONG'L 

GAUGE 

READING 


LOWER 

TRANSVERSE 

GAUGE 

READING 


LIFT 

COET. 


DRAG 

COEF. 


NORMAL 

FORCE 

COEF. 


TANGENT. 

FORCE 

COEF. 


0 


— 


— 


— 


— 


— 


— 


5 


5720 


5560 


.2085 


.0517 


.2120 


.0334 


10 


5650 


5230 


.3763 


.0919 


.3863 


.0253 


15 


— 


— 


— 


— 


— 


— 


20 


5460 


4530 


.733 


.2009 


.758 


-.0614 


25 


5290 


4170 


.9166 


.2992 


.9568 


-.1164 


30 


5100 


3820 


1 .0945 


.4005 


1.1484 


-.2004 



TEMPERATURE °F 59.5 
f / z AV q 2 «• 1L546 



IABLI VII 



TABLE OF DATA AND CALCULATED COEFFICIENTS 
RIGHT RUDDER 

RUDDER POSITION* ON CENTERLINE OF PROPELLER SHAFT 
ZERO GAUGE READINGS! 



LOWER LONGITUDINAL 5835 

LOWER TRANSVERSE 6005 



ANGLE OF 
ATTACK 


LOWER 

LONG'L 

GAUGE 

READING 


LOWER 

TRANSVERSE 

GAUGE 

READING 


LIFT 

COEF. 


DRAG 

COEF. 


NORMAL 

FORCE 

COEF. 


TANGENT. 1 
FORCE 
COEF • 


0 


5790 


5950 


-.0280 ?■ 


.0259 


-.0280 


.0259 


5 


5765 


6245 


.1251 


.0402 


,1285 


.0292 


10 


5710 


6600 


.3105 


.0737 


.3180 


.0186 


15 


5630 


6920 


.4780 


.118© 


.4920 


-.0098 


20 


5530 


7270 


.6600 


.1842 


.6820 


-.0525 


25 


5380 


7610 


.8370 


,2620 


.8650 


-.1165 


30 


5180 


7900 


.9880 


.3770 


1.043 


-.1675 


35 


4990 


5030 


1.147 


.4860 


1.217 


-.2585 



TEMPERATURE °T 44 

% = 



11.656 






I 










TABLE VIII 



TABLE OP DATA AND CALCULATED COEFFICIENTS 
LIFT BUDDIE 

RUDDER POSITION: ON CENTERLINE OF PROPELLER SHAFT 

ZERO GAUGE READINGS: 

LOVER LONGITUDINAL 5810 

LOVER TRANSVERSE 5970 



ANGLE OF 
ATTACK 


LOVER 

LONG'L 

GAUGE 

READING 


LOVER 

TRANSVERSE 

GAUGE 

READING 


LIFT 

COIF. 


DRAG 

COIF. 


NORMAL 

FORCE 

COIF. 


tangent. 

FORCE 

COIF. 


0 


— 


— 


— 


— 


— 


— 


6 


— 


— 


— 




— 


— 


10 


5730 


5250 


.3582 


.0459 


.3609 


-.0170 


15 


5640 


4950 


.5196 


.0978 


.5275 


-.0403 


20 


5536 


4610 


.6908 


.1579 


.7028 


-.0878 


25 


5380 


4280 


.8609 


.2474 


.8858 


-.1395 


30 


5190 


4005 


1.0018 


.3659 


1 .0439 


-.1929 



TEMPERATURE °F 58.5 
AV 0 2 r 11.647 




TABLE IX 



TABLE OE DATA AHD CALCULATED COEFFICIENTS 
BIGHT BUDDEB 

BUDDIB POSITION: 1" TO STABBOAfiD OF PBQPELLIB SHAFT 

ZEBO GAUGE HEADINGS : 

LOW EE LONGITUDINAL 5810 

LOWXB TRANSVERSE 6010 



ANGLE OF 
ATTACK 


LOWEB 

LONG'L 

GAUGE 

BEADING 


LOWER 

TRANSVERSE 

GAUGE 

BEADING 


LIFT 

COEF. 


DRAG 

COEF. 


NORMAL 

FORCE 

COEF. 


TANGENT. 

FORCE 

COEF. 


0 


5760 


5975 


-.0178 


.0287 


-.0178 


.0287 


5 


5750 


6250 


.1251 


.0345 


.1278 


.0235 


10 


5725 


6535 


.2735 


.0489 


.2777 


.0005 


15 


5675 


6845 


.4356 


.0778 


.4412 


-.0372 


20 


5500 


7060 


.5480 


.1782 


.5753 


-.0190 


25 


5400 


7400 


.7254 


.2357 


.7656 


-.0943 


30 


5200 


7700 


.8816 


13504 


.9386 


-.1378 



TEMPERATURE °F 54 
f/z AV 0 2 r 11.550 




TABU I 



TABLE OF DATA AND CALCULATED CO OTIC LENTS 
LOT RUDD EE 

RUDDER POSITION: 1" TO STARBOARD 07 PROPELLER SHAFT 

ZERO GAUGE READINGS: 

LOWER LONGITUDINAL 5810 

LOVER TRANS TERSE 5970 



ANGLE 07 
ATTACK 


LOWER 

LONG'L 

GAUGE 

heading 


LOWER 

TRANSVERSE 

GAUGE 

READING 


LIFT 

COEf. 


DRAG 

COET. 


NORMAL 

FORCE 

COEF 


TANGENT. 

FORCE 

COEF. 


0 


— 


— 


— 


— 


— 


— 


5 


6765 


5660 


.1575 


.0317 


.1596 


.0177 


10 


5690 


5290 


.3458 


.0690 


.3526 


.0079 


15 


5640 


5050 


.4665 


.0976 


.4685 


-.0268 


20 


5520 


4665 


.6630 


.1665 


.6880 


-.0706 


25 


6360 


4320 


.8398 


.2582 


.8700 


-.1202 


30 


5160 


3930 


1.0380 


.3730 


1.085 


-.1959 



TEMPERATURE °T 62 
%AV 0 2 = 11.543 



I 



/ 



